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Pantoea stewartii subsp. stewartii is a pathogenic bacterium that causes Stewart’s wilt in corn. 
Stewart’s wilt is a disease that is indigenous to North America and has been occasionally 
reported in other parts of the world. It is a disease of major phytosanitary importance and 
many different countries worldwide have imposed importation restriction on seed imports to 
prevent potential introduction of the pathogen. Phytosanitary restrictions that are imposed are 
often only described to restrict movement of Pantoea stewartii as a species. However, Pantoea 
stewartii consists of two different subspecies, Pantoea stewartii subsp. stewartii and Pantoea 
stewartii subsp. indologenes. Pantoea stewartii subsp. indologenes is a bacterium that is 
occasionally found on corn seed as a part of the resident bacterial population; it is not a 
pathogen of corn and is not a regulated pathogen worldwide. Current accepted laboratory 
testing methods used to detect Pantoea stewartii, enzyme-linked immunosorbent assay (ELISA) 
and polymerase chain reaction (PCR), were not designed to quickly distinguish the two Pantoea 
subspecies. Novel real-time PCR assays have been developed to specifically target intergenic 
DNA sequences that allow Pantoea stewartii subsp. stewartii to be detected from corn seeds 
and also be distinguished from the nonpathogenic Pantoea stewartii subsp. indologenes. 
National plant protection organizations worldwide should adopt these new real-time PCR 
testing techniques to provide a quick, efficient and accurate detection of Pantoea stewartii 
subsp. stewartii. Adopting testing on a subspecies level would increase testing efficiencies, 
reduce costs, and reduce incidence of false positive testing results. This in turn could also could 





It has been estimated that at least 10% of the global food production is lost to plant 
diseases each year (Strange and Scott 2005), and pathogenic bacterial species are a major cause 
of these plant diseases. Pantoea stewartii subsp. stewartii is a pathogenic bacterial species that 
has been shown to cause Stewart’s wilt, also called Stewart’s disease or Stewart’s bacterial wilt, 
in sweet corn and dent corn. Flint, flour and popcorn cultivars also can be infected by the 
pathogen. Indigenous to North America, Pantoea stewartii has also been reported occasionally 
in other countries such as Canada, Mexico, Austria, Argentina, Bolivia, Italy, Poland, Romania, 
Russia, China, Korea, Malaysia, Thailand, Philippines, South Korea and Vietnam (CABI 2020). 
However, the disease has not become well established in these countries outside of North 
America, most likely due to the absence of an effective insect vector (Pal et al. 2019). In the US, 
Stewart’s wilt has frequently occurred in the Midwest corn belt where the majority of corn is 
grown. Colorado, Hawaii, Idaho, and Washington are the only states within the US that may be 
considered free of Stewart’s wilt by phytosanitary standards (Fig. 1) (EFSA PLH Panel 2019). 
However, obtaining a “freedom-from” designation relies on several years of official surveys, 







Fig. 1 Shows the distribution of Pantoea stewartii subsp. stewartii in North America.      
(EPPO 2019) 
 
Stewart’s bacterial wilt has been a major concern for field corn seed producers and 
sweet corn growers in North America for over 100 years. However, the economic importance 
has declined with the introduction of resistant hybrids, coupled with the development and use 
of systemic seed applied insecticides, which have caused a drastic decline in populations of the 
insect vector, the corn flea beetle (Chaetocnema pulicaria). Even as the agriculture industry has 
developed pathways to mitigate Stewart’s bacterial wilt in maize production, it is still a major 
concern when seed produced in the US corn belt is destined for export. Over 100 countries 
worldwide place quarantine regulations on maize seed imports from areas such as the US corn 
belt where seed is produced (Pal et al. 2019). Countries impose phytosanitary restrictions that 
require any corn seed shipment to have phytosanitary certification that the shipment is free of 
Pantoea stewartii. Quick, accurate, and cost effective detection of Pantoea stewartii subsp. 
stewartii is critical in enabling seed trade and expansion of export markets. Testing has proved 
to be not as accurate as desired. Tests that are commonly used to detect Pantoea stewartii 
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subsp. stewartii can yield false positive results because of the presence of closely related, 
nonpathogenic bacterium. Investigation of some of these results led to the identification of a 
separate Pantoea stewartii subspecies. P. s. subsp indologenes, initially described by Mergaert 
et al. (1993), is nonpathogenic on corn and does not pose a disease threat or seed transmission 
risk in maize. However, the indologenes subspecies is similar to the stewartii subspecies, such 
that most available ELISA or PCR tests were unable to distinguish between the subspecies. 
Phenotypic tests that are more labor intensive and time-consuming would be needed to 
distinguish the two subspecies. Due to the stark difference in virulence of P. stewartii subsp. 
stewartii and P. stewartii subsp. indologenes it is important to have a quick, reliable, and cost 
effective testing method to distinguish the two subspecies. Identifying Pantoea stewartii to the 
subspecies level would allow for phytosanitary regulations to be targeted only toward the 
pathogenic strains of Pantoea stewartii subsp. stewartii. Seed lots tested positive for Pantoea 
stewartii, and positive for the non-pathogenic Pantoea stewartii subsp. indologenes would in 
theory still be able to be exported without restrictions. There are countries, such as the 
collective countries of the EU and India, that are now moving towards requiring an accurate 
distinction of Pantoea stewartii subsp. stewartii within their phytosanitary regulations. 
However, there are others such as Brazil, Mexico, South Africa, and many other African 
countries that still only require a traditional Pantoea stewartii test and have not adopted or 
updated import regulations. By allowing testing at a subspecies level, countries would increase 
testing efficiencies, reduce costs, and reduce incidence of false positive testing results. This in 
turn could potentially increase export volumes to existing countries that receive US corn 
exports and open up new future US export markets.  
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Economic impact  
Stewart’s wilt has been an economically important disease to both the sweet corn and 
seed corn industries in the United States (Stewart 1897; Pepper 1967; Suparyono and Pataky 
1989; Esker 2005). Economic losses have been more prevalent in the sweet corn industry due to 
the continued use of moderately susceptible hybrids that are grown in areas where corn flea 
beetles occur (Pataky 2003). Yield losses in sweet corn can be affected by the level of resistance 
in the hybrids and growth stage when the infection of Stewart’s wilt occurs (Pataky 2003). 
Generally sweet corn yield is not adversely affected when resistant hybrids are utilized. Losses 
can range anywhere from 40 to 100% when susceptible sweet corn hybrids are infected prior to 
the 5-leaf stage (Pataky 2003). Yield is also reduced in sweet corn when systemic infections are 
present. Yield is reduced up to 0.8% for every 1% incidence of systemically infected sweet corn 
plants (Pataky 2003).  
Yield losses in seed corn due to Stewart’s wilt has been insignificant in North America in 
the past 50 years with the exception of a few sporadic outbreaks (Pataky 2003). Prevalence of 
Stewart’s wilt was shown to increase exponentially in Iowa from 3% prevalence in 1994 to as 
high as 58% in 2000 (Nutter et al. 1998; Nutter et al. 2002; Esker 2005). Currently Stewart’s wilt 
only generates a minimal economic impact in seed corn. This is due to increased resistance that 
is incorporated into today’s hybrids that are grown in areas where the disease occurs.  The 
greatest threat that Stewart’s wilt presents to seed corn production is restrictive phytosanitary 
requirements.  Rigid phytosanitary requirements within seed corn production would establish 
that a detection of a single plant within a seed corn field that is infected with Stewart’s disease 
can limit the ability to export seed harvested from the entire field (McGee 1995). These strict 
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phytosanitary restrictions that are imposed by trading partners can have an effect on seed 
commerce by not only preventing the export of seed, but also creating additional costs for 
phytosanitary inspections, and laboratory screening tests. Seed producers are also affected by 
undertaking the indirect cost of breeding corn varieties that have resistance to Stewart’s wilt. 
Insecticide treatments are also an added cost that is assumed by the producer. Seed treatments 
are an effective way to reduce disease incidence in the growing year and beyond. Foliar 
insecticides can also be added if the plantings are in an area of high susceptibility, or to combat 
any Stewart’s wilt symptoms that have developed during the growing season. When utilizing 
different seed treatments along with a resistant hybrid variety, the risk of Stewart’s wilt is 
minimal.   
Causative organism: Pantoea stewartii subsp. stewartii  
Pantoea stewartii subsp. stewartii ( syns. Erwinia stewartii and Xanthomonas stewartii) 
is the causal agent of Stewart’s wilt, which is also called Stewart’s disease, or Stewart’s bacterial 
wilt of corn (Mergaert et al. 1993). The bacterium is a capsule forming gram-negative rod (0.4-
0.8µm x 0.9-2.2µm) that is nonmotile, non-flagellated, non-spore forming and facultatively 
anaerobic (Pepper 1967). The bacteria strains that comprise the Pantoea core group have been 
identified as both beneficial and pathogenic (Tambong et al. 2007). The Pantoea core group is 
made up of P. agglomerans, P. dispersa, P. ananatis, and P. stewartii. Pantoea agglomerans and 
Pantoea dispersa have both been utilized as biological control agents against various fungal and 
bacterial diseases. Pantoea ananatis is an important plant pathogen of onion (Tambong et al. 
2007) and has also been reported as causing a white leaf spot disease of corn in Argentina, 
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Poland, Brazil, and Mexico (Alippi and Lopez 2010; Krawczyk et al. 2010; Paccola-Meirelles et al. 
2001; and Pérez-y-Terrón et al. 2009). 
    Stewart’s disease was first detected on sweet corn in 1895 by F.C. Stewart in Long 
Island, New York (Stewart 1897). Stewart observed young sweet corn plants that were being 
affected by a type of wilt disease that exhibited vascular bundles containing many bacilli (Esker 
2005). Stewart was able to isolate the bacterium and reproduce the symptoms of the disease 
by inoculating healthy sweet corn with the isolated bacterium. Stewart initially left the newly 
discovered organism unnamed. The pathogen was un-named until 1898 when E.F. Smith 
received a culture of the bacterium and upon examination named the bacterium Pseudomonas 
stewarti (Smith 1898). In the 1910’s through the 1930’s, the bacterium took on several different 
name changes that were mainly based on morphological characteristics (Pepper 1967). Most 
recently two of the most commonly used names were proposed for the bacterium. In 1962 Dye 
gave the pathogen the Latin binomial name Erwinia stewartii (Dye 1962, 1963). The name 
Pantoea stewartii was proposed by Mergaert et al. in 1993 based on the examination of 
electropherograms of soluble proteins (Mergaert et al. 1993). This comparison of protein 
electropherograms by Mergaert et al. (1993) would also lead to describing a new subspecies, 







Pantoea stewartii subsp. indologenes 
Pantoea stewartii subsp. indologenes was first described by Mergaert et al. in 1993. In 
their studies, Mergaert et al. (1993) utilized protein electropherograms, DNA base composition, 
DNA - DNA hybridizations, phenotypic tests, and fatty acid analyses to distinguish various 
Erwinia strains, species and subspecies. From these analyses, it was determined that the 
Erwinia stewartii strains should be classified in the genus Pantoea, and there were two clearly 
defined subspecies of Pantoea stewartii. Mergaert et al. (1993) was able to show differences 
between Pantoea stewartii subsp. stewartii and Pantoea stewartii subsp. indologenes through 
cellular fatty acid composition. These differences were exhibited in the relative contents of cis-
9-hexadecenoic acid (C16:1 cis 9), cyclo-heptadecanoic acid (C17:0 cyclo), and straight-chain 
octodecenoic acids (C18:1). Pantoea stewartii subsp. stewartii and Pantoea stewartii subsp. 
indologenes can be further differentiated by the inability of Pantoea stewartii subsp. stewartii 
to produce indole, utilize citrate, grow on cis-aconitate, and to form acid from seven different 
carbohydrates such as glycerol, D-arabitol, cellobiose, maltose, lactose, arbutin, and salicin 
(Mergaert et al. 1993).  
Pantoea stewartii subsp. indologenes can cause leaf spots on foxtail millet and pearl 
millet, center rot of onions, and rot of pineapple (Stumpf et al. 2018), but is avirulent to maize. 
However, P. stewartii subsp. indologenes can occasionally be found on corn seed of tropical or 
subtropical origin (Gehring et al. 2014; Nechwatal et al. 2018; Pal et al. 2019).  
Brady et al. (2008) showed that the two subspecies of Pantoea stewartii subsp. stewartii 
and Pantoea stewartii subsp. indologenes showed only 60-65% DNA similarity when comparing 
DNA-DNA hybridization values (Brady et al. 2008). This added difference between the 
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subspecies led Brady et al. (2008) to suggest that the two Pantoea stewartii subspecies should 
be considered as two separate species. However, Brady et al. also concluded that the two 
subspecies also have a very high similarity to a housekeeping gene (gyrB) that has been used to 
delineate Pantoea species. This would support the subspecies status of Pantoea stewartii 
subsp. stewartii and Pantoea stewartii subsp. indologenes (Brady et al. 2008).  
Pathology 
 Pantoea stewartii enters the plant through feeding wounds created by the corn flea 
beetle. From the feeding wounds, the bacterium colonizes the intercellular spaces of leaf tissue 
and the xylem, which causes water-soaked lesions and wilting that are characteristic of 
Stewart’s wilt. The bacterium will preferentially colonize the xylem to proliferate in high 
densities and establish dense biofilms that are encased in an exopolysaccharide (EPS) capsule 
and slime, known as stewartan (Roper 2011). The accumulation of EPS will eventually block 
water flow to the xylem, which leads to wilting and plant death. During this process xylem pit 
membranes will also become plugged. The accumulated EPS will continue to expand and 
eventually rupture the pit membrane, which allows the bacteria to move to the vessels (Roper 
2011). EPS facilitates systemic movement of the bacteria throughout the plant and is required 
for full virulence of the pathogen (Roper 2011). Beetles can acquire the bacterium from these 
infected plant tissues and effectively spread the disease to healthy leaves and plants 
throughout the growing season. A minimum feeding time of six hours is required for the beetle 
to acquire the bacterium (Munkvold and White 2016). As many as 30% of the beetle population 
can be carrying the bacterium during the time of spring emergence (Esker and Nutter 2003). 
This percentage naturally increases during the advancement of the growing season (Munkvold 
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and White 2016). It is also important to note that plant to plant spread does not occur without 
feeding by the corn flea beetle. A few other insect species have been shown to be capable of 
transmitting the bacterium, but they are not epidemiologically important (Munkvold and White 
2016). Disease incidence can be directly related to the size of the resident corn flea beetle 
population (Cook et al. 2005).  
Symptoms 
The symptoms of an infection of Stewart’s wilt caused by Pantoea stewartii subsp. 
stewartii occur in two different phases (seedling wilt phase and leaf blight phase).  The wilt 
phase and leaf blight phase occur at different development stages and can produce varying 
degrees of damage to the host plant. The seedling wilt phase occurs when young plants that are 
highly susceptible become systemically infected during the early vegetative growth phase. 
These infections can arise (rarely) from seed transmission of the bacterium, but usually are 
caused by insect transmission. Early symptoms occurring during the wilt phase usually include 
linear, water-soaked lesions that originate from corn flea beetle feeding scars. As the bacterium 
accumulates and spreads throughout the plant, lesions will expand and cause entire leaves to 
wither and die. Plants will be become severely stunted, and also produce dwarfed tassels, that 
will become visibly bleached out later in the season and will eventually shrivel and die (Rice and 
Munkvold 2000).  
In the wilt phase, Pantoea stewartii subsp. stewartii also spreads to the stalk tissue and 
causes browning and necrosis. Yellow bacteria will ooze from vascular bundles when the stalk 
of a systemically infected plant is cut (Fig. 2) (Rice and Munkvold 2000; Esker 2005). A general 
10 
 
browning and water-soaking of the leaf tissue may also follow the infection of vascular bundles 
(Rice and Munkvold 2000). Stalk cavities may also form at the soil line in the stalk pith 
(Munkvold and White 2016). The seedling wilt phase is the more severe of the two phases, due 
to its systemic nature and the ability to kill seedlings. 
 
Fig 2. Corn plant with Stewart’s wilt disease that is beginning to wilt. (Image courtesy of Iowa 
State University Department of Entomology. https://www.ent.iastate.edu/) 
 
The second phase of a Stewart’s wilt infection is the leaf blight phase. This phase is the 
most common and generally does not cause plant death. The leaf blight phase can occur at any 
time during the season, but symptoms are more apparent after tasseling and pollination 
(Munkvold and White 2016). This timeframe usually begins in late July to August and can 
increase in severity throughout the rest of the growing season. Early symptoms of the leaf 
blight stage occur at the feeding sites of corn flea beetles. The bacterium will multiply in the 
leaves and xylem causing yellowish, water-soaked lesions that that develop as streaks with 
wavy margin along veins (Munkvold and White 2016). These lesions may extend the entire 
length of the leaf and cause the entire leaf to brown and die. Severe cases of leaf blight will 
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cause leaves to die and in turn reduce yield of the diseased plants. Plants that have severe 
cases of leaf blight are also susceptible to fungal stalk and root rot (Rice and Munkvold 2000).  
The disease symptoms of Stewart’s wilt can also be easily confused with other leaf 
blights upon visual inspection. Goss’s bacteria wilt and leaf blight caused by Clavibacter 
michiganensis subsp. nebraskensis create similar wilting and blight symptoms and are often 
mistaken for Stewart’s wilt. However, Goss’s wilt will produce characteristic dark green to black 
spots on wilted leave tissue (Suparyono and Pataky 1989). Other leaf blights that show similar 
symptoms would be bacterial leaf blight caused by Acidovorax avenae subsp. avenae, which 
produces long narrow stripes or spots with reddish-brown edges (EPPO 2016). Bacterial stripe, 
which is caused by Burkholderia andropogonis, creates long, parallel, olive green to yellowish 
water-soaked lesions (EPPO 2016). Leaf blotches, spots, and brown stalk rot caused by Pantoea 
ananatis can also be confused with Stewart’s wilt upon visual inspection (EPPO 2016). The 
number of different diseases that exhibit similar symptoms as Stewart’s wilt make the 
development of a fast, effective, and accurate test for identification of Pantoea stewartii subsp. 




Fig 3. Severe late-season Stewart’s Wilt disease in corn. (Image courtesy of Gary Munkvold. 
Iowa State University. https://www.ent.iastate.edu/) 
Transmission of Disease 
Seed Transmission 
  Stewart’s work and other early studies indicated that Stewart’s wilt developed in plants 
grown in either the field or greenhouse from seeds that were obtained from infected plants 
(Smith 1909, 1914). From these studies, it was suggested that the roots and stem of the plant 
were infected by way of the seed or soil. However, these observations would prove to be 
perplexing as many control plants would also become infected. It was later shown (Ivanoff 
1933; Rand and Cash 1933) that soil and crop residue were not an inoculum source for the 
disease. In these studies, seed-borne infection was demonstrated by isolating P. stewartii from 
the endosperm and chalazal region of the infected seeds. Seed transmission of the pathogen to 
infected plants was evaluated to be 10.6% on agar slants in the laboratory (Frutchey 1936) and 
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anywhere from 2 -13% in greenhouse conditions in the absence of other sources of inoculum 
(Rand and Cash 1933). The frequently cited seed transmission rate for these early studies was 
2% from infected kernels (Block et al. 1998; Elliott 1941; Pepper 1967). However, these studies 
were performed without the knowledge that the corn flea beetle was a primary vector for the 
pathogen. Also, the presence of fungi such as Fusarium moniliforme, Penicillium oxalicum, and 
Gibberella zeae would have the potential to cause seedling wilt. Fungal infections of this type 
could have quite possibly been mistaken for Stewart’s wilt.  
More recent studies have been conducted to provide a more accurate estimation of 
seed transmission rates. Block et al. (1998) examined two different dent inbreds and two 
different sweet corn inbreds that were inoculated with Pantoea stewartii. Seed lots from 
naturally infected inbreds were also examined in this study. The inoculated lots and naturally 
infected lots were harvested, bulked, and grown out to determine seed to seedling 
transmission. Detection of Pantoea stewartii was achieved by stem-printing of each plant 
followed by a confirmation by ELISA assay. The transmission rate of inoculated plants was 
determined to be 0.14%. However, the transmission rate from seed that was produced from 
naturally infected plants was estimated at 0.022%. If this transmission rate held true for 
naturally infected seed lots, there would only be an average on 1 seed transmission case per 20 
acres of planted seed. Block et al. (1998) also acknowledged that the seed lots used in the study 
contained a very high percentage of infected kernels. This was done to increase the probability 
of detecting seed transmission. However, this is not representative of the seed quality that is 
typically found in commercial seed production. Naturally infected seed lots containing more 
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than 5% of Pantoea stewartii infected kernels are rarely found (Block et al. 1998). This would 
indicate that the risk of seed transmission from high quality seed is virtually nonexistent.  
Michener et al. (2002) also conducted a study to verify seed transmission rates. This 
study utilized a sweet corn hybrid that that is known to be very susceptible to Stewart’s wilt. 
Plants were inoculated with Pantoea stewartii, at the seedling stage and adult stage. The 
inoculated sweet corn variety was harvested, bulked, and grown out along with commercial 
seed that was free of Pantoea stewartii to determine seed to seedling transmission. The clean 
commercial seed would be used to monitor naturally occurring Stewart’s wilt infections. 
Detection of Pantoea stewartii was achieved by manually observing for Stewart’s wilt 
symptoms and sampling leaf tissue from any seedling with symptoms resembling the disease. 
Leave tissue was examined for bacterial ooze that is common with Stewart’s wilt infections. 
Leaf tissue samples that displayed ooze secretions were verified by ELISA test to confirm the 
presence of Pantoea stewartii.  The seed to seedling transmission rate from infected seed 
produced on inoculated seed-parent plants was determined to be 0.038% (Michener et al. 
2002). This transmission rate is considerably lower than the rates that were reported in the 
1930’s and corroborated with the transmission rate estimated by Block et al. (1998). However, 
there are some nuances in the Michener et al. (2002) study that differs from the Block et al. 
(1998) study. Michener et al. (2002) only used a sweet corn variety that was highly susceptible 
to Stewart’s wilt. This study also utilized an ear shank inoculation method that more than likely 
boosted bacteria levels in infected kernels to higher levels than what is commonly seen in 
naturally infected seed. It is also important to note that the Michener et al. (2002) study 
identified symptomatic plants by manually scouting plots. Due to not testing every seedling, it is 
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quite possible that some infected plants may have been missed during the scouting process. 
Regardless of the differences in the Block et al. (1998) and the Michener et al. (2002) studies, 
both were able to show significantly lower transmission rates than what had been previously 
reported in early literature. This may be due in part to the early studies not having knowledge 
of insect vector transmission and being subject to fungal infections. Also, as suggested by Kahn 
et al. (1996), differences in observed seed transmission rate may be due to modern cultivars 
exhibiting improved levels of resistance to Stewart’s wilt. 
Insect Vector Transmission 
During 1918 and 1919, more than twenty years after discovery of the disease, Rand and 
Cash (1933) became convinced that seed and soil transmission were inadequate explanations 
relative to the origin and prevalence of Stewart’s disease. They suspected insect involvement 
and proved that two species of flea beetles, the brassy flea beetle, Chaetocnema pulicaria 
Melsh., and the toothed flea beetle, Chaetocnema denticulata Ill., were effective vectors of the 
pathogen. Although it has been demonstrated that seed transmission of Pantoea stewartii 
subsp. stewartii is possible, insect vector transmission plays a much more significant role in the 
dissemination of the disease. The Corn flea beetle ,Chaetocnema pulicaria Melsh., (Fig. 4) (Rand 
and Cash 1924) is considered the primary overwintering niche for Pantoea stewartii and is the 
most epidemiologically important factor in regard to the survival, dissemination, and infection 
of Pantoea stewartii (Dill 1979). The corn flea beetle is native to the Western Hemisphere, and 
is in the Order Coleoptera, Family Chrysomelidae.  The corn flea beetle is a small, black, shiny 
beetle, approximately 1/16-inch long. The flea beetle has enlarged hind legs, and the adults are 




Fig. 4 Adult Corn Flea Beetle (Image courtesy of John VanDyk, Iowa State University. 
https://www.ent.iastate.edu/) 
 
Corn flea beetles can injure corn plants not only by feeding on leaf tissue, but by also 
transmitting Pantoea stewartii. High populations of this pest result in heavy feeding that can 
result in complete skeletonization of leaves and death of seedlings (Poos 1955). However lower 
density populations of the corn flea beetle that cause minimal direct injury to corn plants are 
also concerning because the corn flea beetle is the primary vector of the Pantoea stewartii 
bacterium. (Elliot and Poos 1934). Adult beetles harbor the bacterium in their alimentary tract 
and can overwinter to emerge in the spring time to spread the bacteria to the corn population 
throughout the growing season (Pal et al. 2019). Adult beetles have shown to overwinter at the 
base of grasses that border corn fields (Poos 1955; Dill 1979). The emerging flea beetles 
become active when spring temperatures reach 65-70°F.  Young corn plants are the primary 
host of the corn flea beetle after winter hibernation. However, secondary hosts such as orchard 
grass, Kentucky bluegrass, giant foxtail, yellow foxtail, fall panicum, and several grass species 
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have also been identified as food sources for the flea beetle (Table 1) (U. of Illinois College of 
ACES n.d.). After emergence adult beetles will feed on any available secondary hosts until the 
emergence of the preferred corn plants.   
Table 1. List of secondary hosts that have been identified as food sources for the corn flea 
beetle (Esker 2005). 
 
Adult flea beetles will feed on corn along with other hosts and upon mating will lay eggs on 
plant leaves, and in the ground or around the plant base near underground stems and roots. 
The larvae will feed on the roots of the host plants for 2 weeks before pupating. The total 
generation time of the corn flea beetle is approximately one month. Higher temperatures can 
often result in faster development rates (U. of Illinois College of ACES n.d.). There can be two to 
three separate generations of flea beetles during the growing season in the North American 
Corn Belt. Population levels of the first generation of the corn flea beetle will tend to peak in 
mid-to-late June, with the second or third generations peaking later in the season. The second 
and third generations can overlap during optimum conditions. Populations have shown to be 




 Disease management of Stewart’s wilt should be concentrated on controlling the corn 
flea beetle. Insecticide seed treatment has been the most commonly used disease management 
technique (Esker 2005). Historically seed treatment applications were regularly done without 
quantitative information regarding the effects on the corn flea beetle population (Pepper 
1967). Early seed treatments using 2,4,6-tricholorphenoxyacetic acid, Crag 1 herbicide, captan 
terramycin, streptomycin, and HD-160 (sodium S-(2-benzothiazolyl) thioglycolate) were able to 
show a reduction in severity of seedling wilt (Rich 1956). Antibiotics were also used as a seed 
treatment. Natti (1958) observed that antibiotics could provide some disease control, but 
seedling often would become bleached due to phytotoxicity. Recent research has focused on 
utilizing various seed treatments to reduce feeding by the overwintering corn flea beetle 
populations, which in turn will decrease the incidence of the early wilt phase of Stewart’s wilt 
(Esker 2005). Imidacloprid is a chloronicotinyl insecticide that has been shown to have systemic 
activity against Hemiptera, Homoptera, Coleoptera, Diptera, Hymenoptera, Isoptera, 
Lepidoptera, and Orthoptera (Mullins 1993). Imidacloprid was evaluated in separate studies by 
Munkvold et al. (1996) and Pataky et al. (2000). Both of these studies found that imidacloprid 
was effective in reducing total corn flea beetle feeding, and consequently the incidence of 
Stewart’s wilt. Under greenhouse conditions, Munkvold et al. (1996) observed significant 
decreases in total feeding scars and disease incidence in plants that were grown from seed 




Table 2. Corn flea beetle feeding and transmission of Stewart’s wilt in corn plants grown from 
seed treated with several rates of imidacloprid (Munkvold et al. 1996). 
 
 Clothianidin and thiamethoxam are two other insecticide seed treatments that have 
also shown to be effective in managing Stewart’s wilt development. Pataky et al. (2005) studied 
the effects of clothianidin, imidacloprid, and thiomethoxam seed treatment applications. In this 
study, seed treatments of clothianidin, imidacloprid, and thiomethoxam were applied at rates 
ranging from 0.125 to 1.25 mg a.i. per kernel on susceptible sweet corn hybrids (Fig. 5). The 
trials were grown in the field under pressure from corn flea beetles to induce transmission of 
Pantoea stewartii. Plants were visually assessed for a systemic Stewart’s wilt infection normally 
between the three- and seven-leaf stages. Seed treatments of susceptible sweet corn seed with 
clothianidin, imidacloprid, and thiomethoxam generally showed a 50 to 90% disease control 





Fig 5. Shows and example of Stewart’s wilt (%) on seedlings of susceptible sweet corn grown 
from seed treated with various rates of three different seed treatment insecticides. Seedlings in 
this study were planted in Urbana, IL and were subject to corn flea beetle feeding to induce 
transmission of Pantoea stewartia (Pataky et al. 2005)  
 
 Insecticide seed treatments such as clothianidin, imidacloprid, and thiomethoxam 
effectively kill the insect vector (corn flea beetle) before the bacterium can be transmitted to 
the plant. This reduces the impact of the initial overwintering corn flea beetle population, 
which essentially reduces the likelihood of Stewart’s wilt becoming established in the field. 
Widespread use of insecticide seed treatments on commercial field corn crops in the United 
States has considerably reduced corn flea beetle populations. Corn flea beetle populations have 
been reduced so much that the disease could be considered relatively minor, even during mild 
winter months when a greater number of the corn flea beetles have the potential to overwinter 
successfully (Munkvold and White 2016). 
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 There are few studies that have evaluated foliar insecticide use to manage the 
prevalence of Stewart’s wilt. Foliar insecticides have been shown to greatly reduce the spread 
of Stewart’s disease (Ullstrup 1978). However, foliar insecticide applications are generally not 
economical. It is also often difficult to determine the optimal time to spray the application 
(Munkvold and White 2016). Mixing and applying foliar insecticides can also pose health 
hazards to humans, animals, and the surrounding environment. Ayers et al. (1979) evaluated 
the use of in-furrow insecticides to manage Stewart’s wilt in sweet corn. This was done by 
applying carbofuran (2,3-dihydro-2,2-dimethyl-7-benzo-furanyl methylcarbamate) in furrow at 
a rate of 1.112kg a.i./ha during planting. This tactic was successful in reducing the severity of 
Stewart’s wilt. However, this disease management technique is more expensive than seed 
treatment and can create environmental concerns regarding groundwater contamination; 
therefore, it is not  recommended for insect management.   
 Foliar insecticides have been recommended for commercial field corn when 50% or 
more corn plants show severe feeding injury with five or more corn flea beetles feeding per 
plant. This application should be made prior to the fifth-leaf stage (V5) (Munkvold and Rice 
1998). Disease management differs for seed corn production fields. Foliar insecticides are 
recommended at a 10% threshold of severe corn flea beetle feeding along with two to three 
beetles present per plant. In recent years, flea beetle populations have not been sufficient to 
exceed these thresholds. The continued development of different seed, foliar, and in-furrow 
insecticides, partnered with increased genetic resistance in plants will continue to keep the risk 





The corn flea beetle is very susceptible to freezing temperatures. Harsh, cold winters 
with average temperatures of 0° Celsius or below in the months of December through February 
can produce high mortality rates in corn flea beetles, which in turn will lead to low incidence of 
Stewart’s wilt the following growing season (Stevens 1934).  Utilizing the relationship between 
the sum of the monthly temperatures of December, January, and February and the risk of 
Stewart’s disease during the ensuing growing season, Stevens developed a forecasting index to 
determine and predict the prevalence of the disease. Stevens’ index indicated that an index 
value under -3.3°C (90°F) would predict little to no risk of Stewart’s disease. An index value that 
was between -3.3°C and 2.2°C (90° and 100°F) would indicate a moderate to severe risk of the 
disease. A severe risk was indicated by an index value above 2.2°C (100°F) (Nutter et al. 2002). 
In 1949 Boewe found that Stevens’ index in fact did not accurately predict the risk of Stewart’s 
disease (Boewe 1949). Boewe (1949) determined that Stevens’ forecasting index only 
accurately predicted the early wilt phase of the disease and did not account for the late leaf 
blight phase of the disease (Esker 2005). According to Boewe’s (1949) studies, a higher 
incidence and severity of the of Stewart’s disease was found at mean monthly temperatures 
that were lower than the index that was initially set by Stevens. Bowe lowered the index to -
6.2°C to -3.3°C (85°F to 90°F) to indicate a moderate disease risk, and -3.3°C and 2.2°C (90° and 
100°F) to indicate severe risk for Stewart’s disease. This newly revised system would become to 




Table 2. Stevens and Stevens-Boewe forecasting index comparison (Stevens 1934; Boewe 1949; 
Esker 2005) 
 
Research conducted at Iowa State University applied the Stevens-Boewe forecasting 
index to mean monthly temperature data for all 99 counties in Iowa from a span between 
1972-2003. The forecasted data was then compared to the prevalence of the disease within all 
Iowa counties. Prevalence of the disease in these counties was calculated by taking the number 
of fields infected with Stewart’s disease and dividing it by the number of fields that were 
inspected in the given county. These studies indicated that the Stevens-Boewe system did not 
accurately predict the prevalence of Stewart’s disease in Iowa. By compiling the inspection 
records of seed corn fields in Iowa counties from the Iowa Department of Agriculture and Land 
Stewardship (IDALS) and doing a comparison of the Stevens-Boewe system forecast, it was 
determined that the Stevens-Boewe system was only able to accurately predict the prevalence 
of Stewart’s disease for two of the eight years that the disease prevalence was > 9% across the 
state (Nutter et al. 1998; Nutter et al. 2002). This was in part due to the fact that Iowa winters 
are much colder than the thresholds indicated in the Stevens-Boewe forecasting index. Due to 
these results, Nutter et al. (1998, 2002) developed a system that was based on a new lower 
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temperature threshold of -4.4°C (24°F) for each winter month. In this system disease 
prevalence was determined based on the number of months that exceeded the -4.4°C 
threshold. The Stevens-Boewe system utilized a method of summing the mean monthly air 
temperature of the winter months of December, January, and February. In the new system 
proposed by Nutter et al. (1998, 2002), if 0 of the 3 winter months exceeded the -4.4°C 
threshold, there was a negligible disease risk predicted. If 1 month of the 3 winter months was 
above the -4.4°C threshold, there was a moderate disease risk. If 2 of the 3 winter months 
exceeded the -4.4°C threshold there was a moderate to high risk. Finally, the highest risk occurs 
when all 3 winter months exceeded the -4.4°C air temperature threshold (Table 3). 
Table 3. Iowa State University Stewart’s disease forecasting model used to predict prevalence 




 In addition to these disease forecasting indexes, growers can also consider the previous 
incidence of disease in the field to accurately forecast the potential severity of the disease in 
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the upcoming growing season. It takes several years of optimal temporal conditions to result in 
a high prevalence of the disease in the field (Roper 2011). 
Pathogenicity  
The pathogenicity and virulence of Pantoea stewartii subsp. stewartii is linked to two 
major gene clusters, the cps gene cluster and hrp gene cluster (Coplin et al. 2002; Thapa et al. 
2012). The cps gene cluster is required for production of the exopolysaccharide (EPS) 
stewartan. Stewartan is comprised of a seven-monosaccharide repeating unit that consists of 
glucose, galactose, and glucuronic acid. The cps gene cluster consists of 12 genes (cpsA to 
cpsM) that encode proteins that are responsible for the assembly and secretion of the 
repeating units and their polymerization into a macromolecule. (Coplin et al. 2002). The cps 
operon is also regulated in part by the EsaI/EsaR quorum sensing (QS) system (von Bodman et 
al. 1998; Wu et al. 2007). It is also important to note that a mutation of the EsaI gene, which is 
responsible for encoding the synthesis of the QS signal 3-oxo-C6-HSL, will terminate EPS 
production and virulence (von Bodman et al. 1998; Wu et al. 2007). The hrp gene cluster 
encodes for a type III secretion system. This system is necessary for general pathogenicity and 
specifically for the colonization of the pathogen in intercellular spaces of the leaves and xylem. 
This plays a critical role in causing the water-soaked lesions that are indicative of Stewart’s wilt 
(Coplin et al. 2002). The hrp system is also partially regulated by the EsaI/EsaR QS system, and a 
mutation of the EsaI gene would create a significant reduction in expression of multiple hrp 
secretion and effector genes. This reduced expression would result in a decreased ability to 
produce the water-soaking lesions (von Bodman et al. 1998; Wu et al. 2007). Given that the cps 
gene cluster and the hrp type III secretion system play a significant role in the pathogenicity and 
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virulence of Pantoea stewartii subsp. stewartii, many testing methods that have been 
developed that target specific genes within these clusters.  
Detection Methods 
Sampling and extraction 
Many testing methods have been developed for the detection of Pantoea stewartii on 
pure cultures, corn leaf tissue, and seeds. Traditional techniques for detection and 
identification of Pantoea stewartii and certification of maize seed have included field 
inspections of plants to be harvested for seed, grow-out tests of seed, and enzyme-linked 
immunosorbent assay (ELISA) tests. When sampling plant and leaf tissue from inspected fields 
for laboratory analysis, normally five to ten leaves, cobs, and/or tassels that show typical 
disease symptoms will be selected. For the purposes of testing seed lots for seed to seedling 
transmission, which has been stated previously in this paper is a very low probability, the 
normal sample size is 400 seeds per lot, which would give a corresponding 95% probability of 
detecting a seed infestation level of 1% (EPPO 2016). 
Once plant material has been sampled from a field, it must undergo an extraction 
process to collect any possible pathogenic bacteria. EPPO protocols suggest that any plant parts 
that are showing symptoms of an infection should be surface sterilized with 70% ethanol for 
five to ten seconds and then rinsed with sterile water. The sterilized sample is then be excised 
at the leading edge of the visible lesions that are consistent with disease symptoms. The 
excised sample will then be macerated in plastic bag with a few milliliters of phosphate buffer 
(PB) or lightly ground in is a sterile petri dish with sterile PB. The homogenized samples are then 
collected in sterile tubes for immediate testing purposes or storage (EPPO 2016). It is important 
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to note that for any sample that may have been demonstrating classic disease symptoms of 
Stewart’s wilt prior to extraction should be processed and tested immediately. 
To extract bacteria from the seed sample using EPPO protocols, the 400-seed sample lot 
should first be divided into 100-seed subsamples and placed into plastic bags. If the seeds had 
been treated with any plant protection product, the seeds should be washed under a running 
tap until the water runs clear and all treatment has been removed. After removing any seed 
treatments, sterile PB equal to twice the weight of the seeds is added to each subsample bag. 
The bag is then sealed and incubated at 4 - 10°C overnight. After the incubation period, the 
soaked seeds are then shaken at 200rpm for at least 1 hour on a rotary shaker. The soaking 
liquid from each subsample bag is then removed and centrifuged for 10,000g for 10min at 4-
10°C. The resulting pellet is then resuspended in a PB amount that is 1/10 of the original 
volume of sterile PB (EPPO 2016).   
Once sampling and extraction of the bacteria is completed, the EPPO Diagnostic 
Protocol PM 7/60 (EPPO 2016) outlines screening, identification, and pathogenicity tests to 
properly identify Pantoea stewartii subsp. stewartii. Figure 6 shows a flow chart of the 












EPPO Diagnostic Protocol PM 7/60 (EPPO 2016) recommends that an indirect 
immunofluorescence (IF) staining, or a real-time PCR test be used for screening tests of Pantoea 
stewartii subsp. stewartii. If the screening test is positive, the extracted bacteria from the plant 
material and seed extracts are also isolated by dilution plating on King’s B supplemented agar 
and nutrient-broth yeast extract agar (NBY). Bacterial colony morphology will add an additional 
layer onto the identification process after the initial screening has been completed. 
 IF is a serological screening test that utilizes fluorescence microscopy to identify the 
presence of Pantoea stewartii subsp. stewartii. Specific monoclonal antibodies are used as a 
primary antibody along with a secondary antibody that is conjugated with a chemical 
fluorescent dye. Indirect IF is considered to be highly sensitive because multiple secondary 
antibodies are allowed to bind to the primary antibody which allows for a stronger 
amplification of emitted light when excited by the light of the microscope.  
The PCR test that is recommended in the screening process of the EPPO Diagnostic 
Protocol PM 7/60 (EPPO 2016) is a modified PCR design that was introduced by Coplin et al. 
(2002). A PCR assay was designed to target the 16S-23S rRNA/ITS (intergenic transcribed 
spacer) region. The primer pair that was chosen in this assay comprised of primers from two 
primer sets that were originally proposed by Coplin et al. (2002). This modified primer set 
produced a 920bp amplicon that was separated out on a 1.5% agarose gel. 
In contrast, the testing protocol in the United States is substantially different from the 
EPPO Diagnostic Protocol PM 7/60 (EPPO 2016). Extraction of bacterium is completed by a 
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grinding process in which whole corn seeds are ground to a flour and hydrated with a general 
extraction buffer to create a seed extract. This extract is then analyzed for Pantoea stewartii by 
using a commercial ELISA test kit, such as the one from Agdia Inc. (NSHS 2020). 
Identification tests 
After screening, the next steps of the EPPO Diagnostic Protocol PM 7/60 (EPPO 2016) 
would be identification and confirmation. These steps are necessary to confirm that the 
positive screening results represent a viable, infectious contamination by a verified strain of 
Pantoea stewartii subsp. stewartii. Identification of pure cultures of bacteria that is presumed 
to be Pantoea stewartii subsp. stewartii must be achieved by using two separate tests that are 
based on different biological principles. The different types of tests that are outlined in the 
protocol are serological, molecular, fatty acid profiling, and pathogenicity tests.  
Serological Identification Tests 
The serological identification tests include Immunofluorescence (IF) cell staining and 
Enzyme-linked immunosorbent assay (ELISA) tests. The IF test has been previously described. 
The sample that is now being analyzed is a bacterial suspension from a colony on the bacterial 
dilution plates that was prepared from the original sample extraction.  
The ELISA test is a serological test based on polyclonal capture and monoclonal 
detection antibodies (Lamka et al. 1991), and it is the most widely used testing method in the 
United States for certification of commercially grown seed (Pal et al. 2019). The EPPO 
Diagnostic Protocol PM 7/60 (EPPO 2016) recommends using the commercial ELISA test kit 
from Agdia Inc. The ELISA may be popular for its ease of use in identifying bacteria species that 
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have different protein profiles. However, ELISA tests can produce occasional false positive 
cross-reactions with Pantoea stewartii subsp. indologenes. This is because the ELISA test is 
designed to detect proteins and not specific DNA sequence differences. The specificity of the 
ELISA does not allow it to be a practicable test to differentiate the highly similar Pantoea 
stewartii subspecies of stewartii and indologenes. 
Molecular Identification Tests 
Molecular identification tests as outlined in EPPO Diagnostic Protocol PM 7/60 (EPPO 
2016) would be conventional and real-time PCR tests, and barcoding. Many molecular PCR tests 
have been developed for the study and detection of Pantoea stewartii. Blakemore et al. (1999) 
devised a two-step PCR detection method that utilized nested primers that were 
complementary to a diagnostic DNA hybridization probe (Blakemore et al. 1999). Coplin et al. 
(2002) developed PCR primers from specific virulence genes, hrpS, cpsDE, and 16S rRNA 
intergenic transcribed spacer (ITS) region (Coplin et al. 2002). Tambong et al. (2008) utilized 
real-time PCR and employed TaqMan primers based on the cpsD gene to detect Pantoea 
stewartii (Tambong et al. 2007). Xu et al. (2010) employed the use of ‘miniprimers’ for 
genotyping of Pantoea stewartii subsp. stewartii (Xu et al. 2010). Wensing et al. (2010) 
identified novel PCR primers from the pstS-glmS region of Pantoea stewartii and utilized matrix-
assisted laser desorption ionization-time-of-flight mass spectrometry (MALDI-TOF MS) of whole 
cell extracts to assist in diagnosis (Wensing et al. 2010). Thapa et al. (2012) developed a 
multiplex PCR procedure that targeted three different genes that play a role in the virulence of 
Pantoea stewartii subsp. stewartii. This group of genes consists of wtsE (water-soaking), cpsA 
(EPS production), and hrpN (hypersensitive response in nonhost) (Thapa et al. 2012). When 
32 
 
testing these primer sets, Thapa et al. (2012) observed that each primer pair was specific to 
Pantoea stewartii subsp. stewartii. However, when the primer pairs were tested with Pantoea 
stewartii subsp. indologenes isolates, only the hrpN or hrpN-wtsE PCR reactions produced 
amplicon bands. The cpsA primer set did not generate any amplicon bands in any of the tests 
with indologenes isolates (Thapa et al. 2012; Nechwatal et al. 2018; Pal et al. 2019 ). This result 
would be indicative of a distinguishing characteristic between the subspecies being related to 
the cpsA gene. Thapa et al. (2012) also noted that sequence data from the extracted amplicon 
bands showed only minor differences for wtsE, while the hrpN fragment of Pantoea stewartii 
subsp indologenes exhibited a specific 12bp insert when compared to the subspecies stewartii. 
This also could potentially allow for discrimination between the two Pantoea subspecies.  The 
species-specific primers that were developed in all of these molecular tests along with the use 
of MALDI-TOF MS analysis work succeeded in distinguishing Pantoea stewartii from other 
Pantoea species, such as Pantoea agglomerans, Pantoea dispersa, and Pantoea ananatis. 
However, they were not specifically designed to differentiate between the virulent Pantoea 
stewartii subsp. stewartii from the avirulent Pantoea stewartii subsp. indologenes. Greater 
specificity would be needed in primer design to effectively isolate Pantoea stewartii subsp. 
stewartii from other related subspecies (Thapa et al. 2012; Pal et al. 2019). 
Detection of Pantoea stewartii subsp. indologenes 
In an attempt to identify and differentiate Pantoea stewartii subsp. indologenes from 
other Pantoea subspecies, Gehring et al. (2014) set out to identify single-nucleotide 
polymorphisms (SNPs) within several housekeeping genes that are present in both subspecies. 
SNP’s have been used to differentiate closely related pathogens, especially at the species and 
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subspecies levels (Achtman 2008). The housekeeping genes that Gehring et al. (2014) identified 
were galE, glmS, and recA. PCR primers were created for on the basis of SNP’s in the galE and 
recA genes. These specific PCR primers were used in a stepdown PCR analysis to correctly 
identify Pantoea stewartii subsp. indologenes strains that had previously been shown as 
avirulent on maize and tested positive for indole activity from phenotypic tests (Gehring et al. 
2014).   
In a validation study of PCR screening tests that were recommended by the EPPO 
Diagnostic Protocol PM 7/60 (EPPO 2016) Nechwatal et al. (2018) determined that the PCR 
testing method of the EPPO Diagnostic Protocol PM 7/60 (EPPO 2016) was prone to producing 
false positives. In this study, Nechwatal et al. (2018) was also able to show that the primer sets 
that correspond to the wtsE, cpsA, and hrpN genes from the Thapa et al. (2012) study showed 
evidence of cross-reactivity to Pantoea stewartii subsp. indologenes (Nechwatal et al. 2018). 
Nechwatal et al. (2018) also concluded that the galE primers that were based off SNP’s in the 
Gehring et al. (2014) study were capable of differentiating the two subspecies of Pantoea 
stewartii subsp stewartii and Pantoea stewartii subsp indologenes using conventional PCR. This 
is a promising result for the ability to accurately distinguish the two subspecies. However, little 
is still known about the sequence variability of Pantoea stewartii subsp. indologenes and the 
ability to rely on the single-base pair differences of SNP’s for identification.  The galE SNP 
primers from Gehring et al. (2014) would benefit from testing of additional Pantoea stewartii 
subsp. indologenes isolates to determine the dependability of this test. 
Pal et al. (2019) set out to develop a real-time PCR molecular test that would specifically 
detect Pantoea stewartii subsp. stewartii and also distinguish it from the avirulent Pantoea 
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stewartii subsp. indologenes. To design the primers for this study, Pal et al. (2019) utilized the 
results of a previous study from Thapa et al. (2012) that designed a highly selective primer set 
for the cpsA gene. The cpsA and cpsB genes are both part of the wce-I operon that this the 
primary stewartan EPS biosynthesis cluster (Coplin and Majerczak 1990; Wang 2001). The cpsA 
gene codes for WceG, which is a glycosyltransferase protein. The cpsB gene codes for Wza, 
which is a periplasmic protein that is involved in the export of EPS (Pal et al. 2019). These two 
genes would play a role in the virulence of Pantoea stewartii subsp. stewartii. A Clustal Omega 
alignment was performed of the intergenic sequence that is present between both cpsA and 
cpsB genes. The alignment was implemented with confirmed strains of both Pantoea stewartii 
subsp. stewartii, and Pantoea stewartii subsp. indologenes. The results of the alignment 
indicated that the indologenes subspecies contained a 182 bp deletion in the intergenic region 
between cpsA and cpsB. The sequence alignment also revealed that the two cpsA primers that 
were designed by Thapa et al. (2012) were both present in the intergenic region (Pal et al. 
2019). Thapa et al. (2012) reported no amplified bands in Pantoea stewartii subsp. indologenes 
from their cpsA PCR assay. However, this primer set should have produced a 375 bp amplicon 
from Pantoea stewartii subsp. stewartii and a 193 bp amplicon from Pantoea stewartii subsp. 
indologenes. Pal et al. (2019) targeted the discovered deleted region within Pantoea stewartii 
subsp. indologenes to create a real-time PCR assay. To do this the forward primer from Thapa 
et al. (2012) was revised to produce a 256 bp amplicon from Pantoea stewartii subsp. stewartii 
when combined with the original reverse primer. Pantoea stewartii subsp. indologenes isolates 
would not produce an amplicon from the real-time PCR assay. Pal et al. (2019) were successful 
in the development of this real-time PCR assay. Compared to other PCR testing methods, the 
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Pal et al. (2019) was the only test that consistently identified Pantoea stewartii subsp. stewartii 
and distinguished the two Pantoea subspecies correctly. This study was also able to detect and 
distinguish the subspecies directly from a seed wash, without having to extract the bacteria This 
result adds to the ability of correctly identifying virulent strains of Pantoea stewartii and 
producing accurate phytosanitary certificates that can ultimately allowed greater amounts of 
seed to be exported.   
Current Phytosanitary regulations 
After its discovery, Stewart’s wilt disease caused by Pantoea stewartii subsp. stewartii 
became widespread across North America. Currently, Stewart’s wilt is barely detectable. The 
use of seed treatment insecticides is the likely reason for the decline in North America. The 
disease has also been reported in other countries in Europe but has not become established. 
Over 100 countries have implemented phytosanitary regulations on the import of corn seed 
where the disease is known to be present (Pal et al. 2019). These regulations will often require 
lab and/or field inspections that will certify the materials that will be shipped are free from 
Pantoea stewartii. Some countries have yet to recognize the difference between the Pantoea 
stewartii subspecies and base their regulations on detection of all strains of the species Pantoea 
stewartii. Some examples of these countries are Mexico, Brazil, and South Africa. These 
countries require imported seed to either originate from areas known to be free from Pantoea 
stewartii, or the imported seed must be lab tested for the pathogen. By not requiring the 
pathogen test to be subspecies specific, these countries risk the possibility of blocking 
importation of seed that may only contain the avirulent Pantoea stewartii subsp. indologenes.  
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There are three primary organizations that publish standardized seed health test 
methods for use in international trade: International Seed Testing Association (ISTA), 
International Seed Health Initiative (ISHI), and the National Seed Health System (NSHS) in the 
United States. The ELISA testing method is the NSHS-approved testing standard for Pantoea 
stewartii (Munkvold 2009), while ISTA and ISHI do not have approved methods for this 
pathogen. The ELISA test that is used for this standard was developed by Lamka et al. (1991). 
Currently no known PCR testing method has been approved for detection of Pantoea stewartii 
(Munkvold 2009). This is problematic for the fact that this ELISA test is unable to distinguish the 
two Pantoea stewartii subspecies.  
Conclusions 
Pantoea stewartii subsp. stewartii is a plant pathogen that numerous countries around 
the world are striving to exclude. However most standardized testing only detects the Pantoea 
stewartii species and does not distinguish the two subspecies that have been identified by 
Mergaert et al. (1993). Furthermore, countries such as Mexico, Brazil, and South Africa do not 
require testing to distinguish the stewartii and indologenes subspecies. This lapse in testing 
accuracy could have the potential to generate unnecessary restrictions that prevent 
international movement of corn seed. The need for a quick, accurate, and efficient test to 
detect and distinguish Pantoea stewartii and its subspecies is evident.   
The number of PCR-based testing methods for detection of seed pathogens has 
increased vastly in recent years. As described in this paper, there has been a concentration of 
methods that have been developed detect Pantoea stewartii. The PCR methods that have been 
used to accomplish this objective have included conventional PCR, the use of miniprimers in 
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conventional PCR, Nested PCR assays, mulitplex PCR assays, and real-time PCR. However, due 
to the virulent and avirulent nature of the two Pantoea stewartii species, it has become 
apparent that these molecular PCR-based testing methods should not only just detect Pantoea 
stewartii, but is should also distinguish the two subspecies. The quantitative real-time PCR 
method that was developed by Pal et al. (2019) accomplishes this goal. Utilizing primer sets that 
were known from previous studies and validations to be highly reactive to the cpsA virulence 
gene Pal et al. (2019) was able to identify to accurately distinguish between Pantoea stewartii 
subsp. stewartii and Pantoea stewartii subsp. indologenes. Moreover, the Pal et al. (2019) study 
was able to validate their real-time PCR method using samples from seed washes of whole corn 
seeds from seed lots that were harvested from naturally infected plants. This result is critical in 
that it is a standalone method that gives the ability to detect and distinguish the two Pantoea 
subspecies without having to undertake extensive pathogen isolation or DNA purification 
processes to isolate purified samples.  
In a climate of ever-increasing quarantine regulation of pathogens in the international 
movements of seeds, it is important to ensure that regulations that are enforced by importing 
countries are justified on scientific grounds. Previous studies have shown that the Pantoea 
stewartii can be accurately distinguished by multiple PCR testing strategies (Gehring 2014; 
Nechwatal et al. 2018; Pal et al. 2019). This level of specificity in the identification process of 
this pathogen should be the standard, and the PCR-based based testing methods such as the 
real-time PCR test outlined by Pal et al. (2019) should be accepted as a standard test to detect 
and identify Pantoea stewartii down to the subspecies level. Detection and identification at this 
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